with disjunct distribution patterns (Boxshall and Jaume, 2000; Karanovic, 2004; 2005a; Karanovic and Ranga Reddy, 2005) , whereas dispersal has been regarded traditionally as a better model for explaining recent disjunct distributions of marine and continental surface-water animals (Wilson, 1999; Reid, 2001; Waters and Roy, 2004; Waters and Craw, 2006; Karanovic, 2008) . This view was never challenged seriously, although recent debate about New Zealand biogeography showed that we have unjustly underestimated recent long-distance dispersal in favour of ancient vicariance (Sanmartin and Ronquist, 2004; Waters and Craw, 2006) . Dispersal cannot be completely rejected even for some subterranean freshwater copepods with disjunct distributions (see Karanovic and Ranga Reddy, 2004) , although this can sometimes be a consequence of anthropogenic translocation associated with early shipping activities (Karanovic, 2005b; Karanovic and Krajicek, 2012) . Research on families such as Parastenocarididae Chappuis, 1940 is thus very important to help resolve these complex zoogeographical issues.
The family is a monophyletic group within Harpacticoida, being easily distinguished by the sexual dimorphism in the third pair of swimming legs (Corgosinho et al., 2007) . Modification of these legs in males into a grasping organ, that allows them to hold females during copulation (Glatzel and Schminke, 1996) , is one of the most important synapomorphies of the group (Martínez Arbizu and Moura, 1994) , but many other morphological characters make it very easy to instantly recognize its members (Karanovic and Cooper, 2011b) . However, a great number of morphological characters are conservative within this family, making generic division a real and long lasting problem (Reid, 1995; Galassi and De Laurentiis, 2004; Karanovic, 2005a; Schminke, 2010) , and the family stayed monogeneric for a long time despite a steady accumulation of new species. Chappuis (1937) divided its only genus Parastenocaris Kessler, 1913 into four groups, which he numbered rather than named, each containing two species. Kunz (1938) added another group. Lang (1948) subdivided the family into eight species groups for 31 of the 40 species known at that time (nine species were either known only as females or were insufficiently described), accepting the group proposed by Kunz (1938) , but rearranging three of those proposed by Chappuis (1937) and naming them after the most characteristic species. For diagnosing all these groups all three authors mostly used characters of the male fourth leg endopod. Despite being chiefly based on a single character, Lang's system was widely accepted and was coping rather well with a subsequent steady influx of newly described species from around the world, culminating in the decade between 1963 and 1972 when 75 new species were added (Schminke, 2010) . Five new species groups were added subsequently by Noodt (1962; 1963; , mostly for the newly discovered and very diverse South American fauna, but it became apparent that this increasingly more complex system of species groups was not a reflection of true phylogenetic relationships, which were not taken into account in descriptions of many newly proposed taxa (species and subspecies). Jakobi (1969) described one of the Noodt's groups as a new genus, and it was Jakobi (1972) who made the first effort to revise the family by splitting it into 26 different genera, although only assigning to them 98 out of the 155 then known species. This system was strongly criticised by Schminke (1976) , and was ignored for a long time by most subsequent taxonomists working on this group, all of them accepting only two of Jakobi's genera (see Por and Hadel, 1986; Dussart and Defaye, 1990; Reid, 1995; Karanovic and Bobic, 1998; Galassi and De Laurentiis, 2004; Boxshall and Halsey, 2004; Karanovic, 2005a; Cottarelli et al., 2006; 2007 Wells, 2007; Ranga Reddy and Defaye, 2007; Huys, 2009) . In a few isolated cases Jakobi's genera were treated as subgenera (see Kiefer, 1976) . Jakobi (1972) , for example, divided the brevipes group of Lang (1948) into five different genera, which was shown by Reid (1995) to be a group of very closely related species. Reid (1995) even argued that the type species of one new genus proposed by Jakobi (Biwaecaris) is in fact a junior subjective synonym of the type species of Parastenocaris. Nevertheless, new genera were proposed for some unusual new members from South America (Dussart, 1979; Reid, 1994) , Europe (Galassi and De Laurentiis, 2004) , Africa (Schminke, 2009) , Asia (Cottarelli et al., 2010) , and Australia (Karanovic and Cooper, 2011b) , and two more groups of species were proposed by Berera and Cottarelli (2003) and Galassi and De Laurentiis (2004) . Recently, some researchers (Corgosinho and Martínez Arbizu, 2005; Schminke, 2008; Corgosinho et al., 2010; started to revalidate and redefine some genera originally proposed by Jakobi (1972) , as most of them remained valid and available names under the rules of the ICZN (1999) , while at the same time synonymizing some others.
The latest family revision was published by Schminke (2010) , who listed all 258 species described until then in the family Parastenocarididae, provisionally accepted 27 genera as valid (accepting most of those described by Jakobi, although mainly listing just their type species as valid members), and subdivided the family into two subfamilies. As a result of the Principle of Coordination, Parastenocaridinae Chappuis, 1940 has already (potentially) existed since 1940, with Parastenocaris as its type genus. In that respect, "Parastenocaridinae nov.", Schminke's (2010) most frequent way to refer to the taxon, is an error. He does, however, correctly call it "Parastenocaridinae Chappuis, 1940 " in three places in his paper.
On the other hand, he seems reluctant to call these two groups subfamilies, putting the word "subfamily" in quotes in the abstract and noting that such subgroups as he is proposing are "traditionally called subfamilies" (p. 344). Besides these instances, he does not use the term subfamily in the diagnosis section (pp. 361-362) or anywhere else. Still, the above quoted notation on p. 344, together with the frequent notation "nov.", is enough to show that he is intentionally proposing a new taxon (Fontinalicaridinae) of subfamily rank (i.e., it is not some sort of informal or "provisional" or Phylocode-type unavailable taxon), and he explicitly designates its type genus. Therefore, we think, he has (barely) met the requirements for availability of new names. Due mostly to incomplete descriptions or absence of males, he was able to classify only 112 species of Parastenocarididae to the genus level, leaving a majority of them in the genus Parastenocaris. Division of the genus Parastenocaris into Parastenocaris s. str. and Parastenocaris s. l., as first proposed by Galassi and De Laurentiis (2004) and adopted with a different meaning by Schminke (2010) , has neither nomenclatural bearing nor phylogenetic justification, as sensu stricto by definition must be part of sensu lato.
Two species presented in this paper belong to the brevipes group of species, defined by Lang (1948) . Reid (1995) reviewed this group while redescribing Parastenocaris brevipes Kessler, 1913 from numerous localities in the Holarctic (although not from the type material or from topotypes) and synonymizing several previously described species with it, as well as the genus Biwaecaris Jakobi, 1972 with Parastenocaris Kessler, 1913 . She also provided a list of morphological characters to define this group and included in it the following 11 species (besides P. brevipes): P. arctica Bortuzky, 1952; P. brincki Enckell, 1970 ; P. feuerborni Chappuis, 1931 ; P. hinumaensis Kikuchi, 1970; P. irenae Enckell, 1970; P. lanceolata Enckell, 1970; P. longicaudis Chappuis, 1931; P. longipoda Shen and Tai, 1973; P. noodti Enckell, 1970 , P. oshimaensis Miura, 1962 P. singhalensis Enckell, 1970 (see Chappuis, 1931 Borutzky, 1952; Kikuchi, 1970; and Shen and Tai, 1973) . Karanovic (2005a; argued that P. arctica and P. longicaudis cannot be confidently included in this group for the lack of males, but he included P. palmerae , described from the U.S.A. , which was not considered a member of this group by Reid (1995) . Karanovic (2005a) provided a key to 14 species recognised by him as valid members of this group. In this paper we argue for a separate status of P. biwae Miura, 1969 , which was synonymized with P. brevipes by Reid (1995) , after a redescription of newly collected material from Japan. We also describe one new species from Korea, and include in this group six other species described subsequently: P. gayatri P. gundlakamma Ranga Reddy, 2011; P. jane Karanovic, 2006 ; P. kimberleyensis Karanovic, 2005; P. savita Ranga Reddy, 2001; and P. sultej Ranga Reddy, 2011 (see Ranga Reddy, 2001; Karanovic, 2005a; . This group of species contains the type species of the genus Parastenocaris (P. brevipes) and cannot be separated from the bulk of species nomenclaturally without a proper revision of the whole family. Gallassi and Laurentiis (2004) repeated the major points of the review done by Reid (1995) , and tried to subdivide the large genus Parastenocaris by calling the brevipes group Parastenocaris s. str., which is meaningless nomenclaturally. Most taxonomists, however, agree today that the brevipes group will be the revised genus Parastenocaris, once all other species are separated into different genera (Corgosinho et al., 2007; Schminke, 2008; Ranga Reddy and Defaye, 2009; Karanovic and Cooper, 2011a; 2011b; .
MATERIALS AND METHODS
All specimens of the Korean new species were collected by staff of the National Institute of Biological Resources (NIBR), Korea. Most of them were collected by the Karaman-Chappuis method, although some were also collected by various pumps from interstitial sediments. Specimens of the Japanese species were collected by the senior author also by the Karaman-Chappuis method. They were all fixed in 99% ethanol. Locality data and number of specimens are listed for each species separately, and all types and additionally examined specimens are deposited in the National Institute of Biological Resources.
Specimens were dissected and mounted on microscope slides in Faure's medium, which was prepared following the procedure discussed by Stock and von Vaupel Klein (1996) , and dissected appendages were then covered by a coverslip. For the urosome or the entire animal two human hairs were mounted between the slide and coverslip, so the parts would not be compressed. By manipulating the coverslip carefully by hand, the whole animal or a particular appendage could be positioned in different aspects, making possible the observation of morphological details. During the examination water slowly evaporates and appendages eventually remained in a completely dry Faure's medium, ready for long term depositing. All line drawings were prepared using a drawing tube attached to a Leica MB2500 phase-interference compound microscope, with N-PLAN (5×, 10×, 20×, 40× and 63× dry) or PL FLUOTAR (100× oil) objectives. Specimens that were not drawn were examined in propylene glycol (CH3CH (OH)CH2OH) and, after examination, were again preserved in 99.9% ethanol. Specimens for the scanning electron micrography were dehydrated in progressive ethanol concentrations, critical-point dried, coated in gold and observed under a LEO 1525 microscope on the in-lens detector, with working distances between 5.9 and 6.1 mm and accelerating voltages of 5 or 10 kV.
Morphological terminology follows Huys and Boxshall (1991) , except for the caudal ramus setae numbering and small differences in the spelling of some appendages (antennula, mandibula, maxillula instead of antennule, mandible, maxillule), as an attempt to standardise the terminology for homologous appendages in different crustacean groups. Biospeleological terminology follows Humphreys (2000) . Sensilla on all somites (body segments) were numbered consecutively with Arabic numerals from anterior to posterior part of the body and from dorsal to ventral side, to aid recognition of homologous structures; they are not intended as a novel terminology.
The cladistic analysis was performed on all 20 species of Parastenocaris Kessler, 1913 that we currently recognise as members of the brevipes group (including the new species described here) and three outgroup taxa: Dussartstenocaris idioxenos Karanovic and Cooper, 2012 ; Kinnecaris lakewayi Karanovic and Cooper, 2011; and Proserpinicaris young Karanovic, Cho and Lee, 2012 . The first two outgroup species were described from Western Australian calcrete subterranean aquifers (Karanovic and Cooper, 2011a; 2011b) , while the third outgroup was described recently from interstitial habitats in alluvial sediments in Korea , in some cases living sympatrically with populations of the new Parastenocaris species described in this paper. A total of 39 morphological characters were used in the analysis (see below). Characters were coded, optimized, and weighted using the computer program WinClada, version 1.00.08 (Nixon, 2002) , and then analyzed using NONA, version 2 (Goloboff, 1999) . Standard coding was used in the analysis: "0" representing a presumably plesiomorphic character state and "1", a presumed apomorphy. Unknown values were coded "-" and polymorphic characters within species are marked in the matrix with an asterisk (*). In four cases character states were coded as multistate (as transformation series 0, 1, 2), while all others were coded as binary (0, 1). Characters No. 7 and 14 were downwighted to 0.5. All other characters were weighted 1, and all characters were coded as additive (representing ordered multistate character as a linked series of binary characters). One data matrix was created (Table 1) and the characters were analysed using Rachet Island Hopper searches with the following WinClada parameters: 1000 replications; 3 trees to hold; 5 characters to sample; 10 random constraint level and amb-poly= =(amb-collapses a branch if the ancestor and descendant have different states under the same resolutions of multistate characters or of "-"; poly= =treats trees as collapsed). Rachet Island Hopper is a method that searches tree space very effecti- Karanovic and Cooper, 2011; and Kinnecaris lakewayi Karanovic and Cooper, 2011 . Symbols used: "0", presumed plesiomorphic character state; "1", presumed apomorphy; "-", unknown value; "*", polymorphic character. See text for non-abbreviated species names, list of characters and states, and more details. Synonymy. Parastenocaris biwae Miura, 1969, p. 40, fig. 1-15; Dussart and Defaye, 1990, p. 254 . Parastenocaris brevipes Kessler, 1913 : Reid, 1995 . (Fig. 1A) . Integument weakly sclerotized, smooth but covered with shallow pits on all somites and caudal rami, ornamented only with sensilla and pores (no spinules, except on posterior margin of caudal rami ventrally), with round dorsal double cuticular window on cephalothorax, trapezoidal simple dorsal cuticular window on genital, and elongated simple dorsal windows on three postgenital somites (Fig.  1A) . Pleural areas of cephalothorax and free pedigerous somites not well developed, cephalic appendages and coxae of swimming legs clearly exposed in lateral view. Rostrum (Fig. 1A ) small, membranous, not demarcated at base, ornamented with two large dorsal sensilla (No. 1), linguiform but with pointed tip, hardly reaching distal margin of first antennular segment, about as long as wide.
Cephalothorax (Fig. 1A , C) about 1.8 times as long as wide in dorsal view; representing 20% of total body length. Surface of cephalic shield ornamented with 16 pairs of large sensilla; with a dense pattern of cuticular pits of different sizes; five pairs of sensilla surround double cuticular window, but its surface completely smooth; pairs of sensilla Nos. 12-16 belong to first pedigerous somite incorporated into cephalothorax. Athroidal membrane between cephalothorax and second pedigerous somite (first free) wider than between any other somites.
Second pedigerous somite ( Third pedigerous somite (Fig. 1A ) slightly wider and shorter than second pedigerous, with four pairs of large sensilla (Nos. 21-24), also with unpaired dorsal pore; all sensilla serially homologous to those on second pedigerous somite (i.e. pairs Nos. 17 and 21, Nos. 18 and 22, Nos. 19 and 23, and Nos. 20 and 24) ; serial homology of dorsal cuticular pores between these two somites not that clear.
Fourth pedigerous somite (Fig. 1A ) widest and longest free prosomal somite in dorsal view, with only three pairs of large posterior sensilla (two dorsal and one lateral; Nos. 25-27), with arched sutures in anterior part dorsally and unpaired cuticular pore in between them. Serial homology of sensilla between third and fourth pedigerous somites not that clear, except for lateral pairs (Nos. 24 and 27).
First urosomite (= =fifth pedigerous somite) ( Third urosomite (Figs. 1A) about as long as second urosomite but slightly narrower, with shorter but much wider dorsal cuticular window, and with three pairs of large posterior sensilla (Nos. 34-36). All sensilla probably serially homologous to those on second urosomite, but dorsal pair (No. 34) more widely spaced.
Fourth urosomite ( Fig. 1A ) with slightly larger dorsal cuticular window, but similar size and same ornamentation, consisting of also three pairs of large posterior sensilla (Nos. 37-39). All sensilla serially homologous to those on third usoromite, but dorsal pair (No. 37) slightly closer to each other.
Fifth urosomite (= =preanal somite) ( Fig. 1A ) slightly narrower and longer than fourth urosomite, with largest dorsal cuticular window of all urosomites, and without any surface ornamentation; hyaline fringe well defined on all sides.
JOURNAL OF SPECIES RESEARCH
Vol. 1, No. 1 Sixth urosomite (= =anal somite) (Figs. 1A, B) about 1.5 times as long as and 0.9 times as wide as preanal somite, ornamented with pair of large dorsal sensilla at base of anal operculum (No. 40), pair of large lateral cuticular pores in anterior half, and pair of ventral pores at base of caudal rami (no spinules on ventral surface), in addition to numerous shallow cuticular pits. Anal operculum well developed, unornamented on outer surface, with smooth and convex distal margin, not reaching posterior end of anal somite, representing 53% of somite's width. Anal sinus wide opened, ornamented with two long diagonal rows of slender spinules on ventral side, and one additional row on dorsal side (inner side of anal operculum).
Spermatophore (Figs. 1D, 2) about 2.3 times as long as wide, kidney-shaped, with long and narrow, curved neck.
Caudal rami (Fig. 1A , B) slender, about 3.2 times as long as greatest width (ventral view) and about 0.7 times as long as anal somite, cylindrical but tapering towards posterior end, slightly divergent, with space between them about 1.5 times of one ramus width; armed with seven elements (three lateral, one dorsal, and three apical). Ornamentation consists of large lateral cuticular pore at about 2/3 of ramus length, and posterior ventral row of several spinules along posterior margin. Dorsal seta slender and smooth, inserted closer to inner margin at midlength, about 0.8 times as long as caudal ramus, triarticulate basally (inserted on two pseudo-joints). Lateral setae slender and smooth, inserted very close to each other also at midlength, two larger ones more anteriorly and minute one in between and more posteriorly. Anterior lateral seta which inserted more dorsally longest, half as long as ramus, 2.3 times as long as ventral anterior seta, and about five times as long as minute (distal) seta. Inner apical seta smooth, inserted close to ventral margin, about 0.8 times as long as ramus. Middle apical seta strongest, without breaking plane, smooth, about 4.7 times as long as ramus, pointing posteriorly, with slightly curled tip inwardly. Outer apical seta also without breaking plane and smooth, relatively strong basally but much shorter, about 0.9 times as long as ramus, inserted close to dorsal surface and pointing latero-posteriorly. Antennula ( Fig. 1E ) shorter than cephalothorax, slender, eight-segmented, prehensile and strongly digeniculate, ornamented with six ventral spinules on first segment distally, and with ribbed elongated chitinous plate on anterior surface of sixth segment. First segment very short, while second longest. Geniculation between third and fourth and between sixth and seventh segments; last two segments at 90�angle. Distal anterior corner of seventh segment produced into very small spiniform process, but larger proximal spiniform process present on fifth segment on anterior surface. Long aesthetasc on fifth segment reaching beyond tip of appendage for length of last segment, fused basally to slightly longer seta, relatively slender and blunt distally; much shorter and more slender apical aesthetasc on seventh segment, fused basally to two setae (acrotheck). Setal formula: 0.6.4.2.4.0.1.9. All setae slender and all, except largest seta on second segment, smooth; most setae with pore on tip; proximalmost seta on second segment unipinnate with several long spinules along anterior surface, much shorter than two large setae on fifth segment or longest apical seta on eighth segment (latter probably longest); only seta on eighth segment minute.
Antenna ( Fig. 1F ) relatively stout and short, composed of coxa, allobasis, one-segmented endopod, and one-segmented exopod. Coxa very short, unarmed, ornamented with three short spinules. Allobasis about three times as long as wide, unarmed but ornamented with two rows of large spinules on anterior surface. Endopod 0.8 times as long as allobasis and nearly three times as long as wide, with two parallel surface frills subdistally, ornamented with large spinules along anterior surface, armed laterally with two short spines (proximal one shorter) and apically with five strong elements (two geniculate). Exopod minute, cylindrical, about twice as long as wide, unornamented but armed with single apical seta, which three times as long as segment. All antennal armature unipinnate.
Labrum large and triangular in lateral view, with narrow and straight cutting edge, without any ornamentation on anterior surface, with several parallel rows of spinules along cutting edge (those on outer distal corners strongest).
Paragnaths strongly fused into trilobite structure, with numerous distal rows of slender short spinules on lateral lobes, one distal row of minute spinules on central lobe, and another transverse row of 10 very long spinules on posterior surface of central lobe at about 2/3 of its length.
Mandibula with narrow cutting edge on elongated coxa, armed with one complex tooth ventrally, one unipinnate seta dorsally, and several smaller teeth and/or spinules in between. Palp one-segmented, cylindrical, about 2.5 times as long as wide, unornamented, and armed apically with two smooth and subequal setae, each with pore on tip.
Maxillula with relatively large praecoxa, arthrite rectangular, about 1.5 times as long as wide from lateral view, ornamented with single spinule on posterior surface near dorsal margin, armed with lateral strong seta and four apical elements (probably three spines and one strong seta; apical spines with crown of spinules on tip, resembling small hands). Coxal endite armed with one smooth seta apically. Basis slightly longer than coxal endite, armed with three apical setae (two smooth and slender, one curved and unipinnate), and single minute lateral seta. Endopod and exopod absent (fused to basis without trace), minute seta on basis probably representing remnants of exopodal armature. All coxal and basal setae, as well as smooth lateral seta on praecoxa, with pore on tip.
Maxilla composed of syncoxa, basis, and one-segmented endopod, ornamented with row of five spinules on inner side of syncoxa proximally, and with arched row of six spinules on posterior side of syncoxa close to outer margin. Syncoxa with two endites, basal armed with single smooth seta apically, distal armed with two smooth and one pinnate seta apically. Basis drawn out into strong and unipinnate claw, without seta at base, with cuticular pore on convex margin near distal tip. Endopod represented by minute segment, armed with two smooth subequal apical setae. All setae on maxilla with pore on tip.
Maxilliped with short and relatively strong syncoxa, unarmed and unornamented; basis slender, almost five times as long as wide and three times as long as syncoxa, unornamented and unarmed; endopod represented by short curved claw, swollen at base as indication of ancestral one-segmented endopod, ornamented with several strong spinules along concave margin distally, about 0.7 times as long as basis.
First swimming leg ( Fig. 2A ) with unarmed praecoxa, coxa, and intercoxal sclerite. Intercoxal sclerite very small, with narrow and concave distal margin and smooth. Praecoxa ornamented with several rows of minute spinules on anterior surface. Coxa with posterior row of large spinules on posterior surface and close to outer margin. Basis somewhat shorter than coxa, pentagonal, ornamented with bunch of large spinules on outer margin, another bunch along distal margin at base of endopod, and several long spinules on inner margin proximally; armed with single short seta on outer margin. Exopod threesegmented, armed with one outer spine on first segment and four elements on third segment (two outer spines and two apical geniculate setae); ornamented with few large spinules along outer margin and distally on all segments. Endopod two-segmented, about as long as exopod; first segment reaching slightly beyond distal margin of second exopodal segment, about four times as long as wide, unarmed, ornamented with two short rows of large spinules on outer margin, one longer row of even longer spinules on inner margin, and three spinules on anterior surface along distal margin; second segment armed apically with long geniculate seta and much shorter spine; endopodal geniculate seta 1.5 times as long as entire endopod, 1.2 times as long as larger geniculate exopodal seta, and almost 2.4 times as long as outer spine on endopod. All exopodal and endopodal armature unipinate along outer margin. Endopod on one leg in one male deformed ( Fig.  2A) , all others normal.
Second swimming leg ( Fig. 2B ) with smooth praecoxa and intercoxal sclerite. Intercoxal sclerite large, trapezoidal, with deeply concave distal margin. Praecoxa triangular and large. Coxa short, rhomboidal, with diagonal row of small spinules on anterior surface and two shorter rows of spinules along distal margin on posterior surface. Basis larger than coxa, semicircular, unarmed, ornamented with row of spinules on outer margin and another arched row of spinules at base of endopod. Exopod three -segmented, ornamented with large spinules along outer margin, and with distal hyaline frills on each segment on inner side; first segment armed with single outer spine; second segment unarmed; third segment armed with three long elements (probably outer spine and two apical setae), innermost one 1.55 times as longer as entire exopod; all exopodal armature bipinnate. Endopod one-segmented, cylindrical and slender, 5.3 times as long as wide, reaching 3/4 of first exopodal segment in length, ornamented with four large spinules along apical margin; armed apically with single smooth seta, which about 0.9 times as long as segment and pointing inwards.
Third swimming leg ( Fig. 2C -E) with smooth intercoxal sclerite, which largest of all legs, trapezoidal, and with short and concave distal margin. Praecoxa not well defined on anterior surface, triangular on posterior surface, about as large as in second leg, unarmed, and unornamented. Coxa rectangular, with arched row of large spinules on anterior surface, and two rows of spinules along posterior margin on posterior surface (outer minute). Basis robust, ornamented with long row of large spinules and one pore on anterior surface, armed with outer long and slender seta; distal inner corner of basis produced distally as bulbous soft semicircular lobe, partly shielding endopod. Endopod represented with single smooth and minute armature element, inserted on inner margin at 3/4 of basis length, shorter but stronger than spinules on anterior surface. Exopod with both segments fused; ancestral proximal segment 2.5 times as long as wide, curved inwards and with thin hyaline lamella along inner margin, and three strong and short chitinous beaks on posterior surface, ornamented with two or three minute spinules on distal outer corner; armed subapically with simple, strong, smooth and inwardly curved spine, which about as long as apophysis and more or less flat distally; ancestral distal segment (apophysis) cylindrical, oriented slightly inwards, ornamented with single pore on anterior surface; armed with single short element on top, which leaf-like, with very thin cuticulum, more or less ovoid.
Fourth swimming leg ( Fig. 2F ) with smooth praecoxa and intercoxal sclerite. Intercoxal sclerite shorter and smaller than in third, with equally long and concave distal margin. Praecoxa small and triangular. Coxa rhomboidal, slightly larger than in second leg, unarmed, ornamented with short distal row of minute spinules on posterior surface. Basis large and more or less rectangular, armed with single smooth outer seta, ornamented with two minute spinules on outer margin at base of outer seta, and with three huge chitinous spiniform process on inner distal corner; anterior process bilobate distally and very wide; inner process spiniform and curved outward, longest; posterior process shortest but most strongly chitinized. Exopod three-segmented, ornamented with few large spinules along outer margin on all segments, and with hyaline frills distally on inner side; first segment with strongly concave and smooth inner margin, armed with single outer spine; second segment unarmed; third segment armed with outer spine and long and strong apical seta; apical seta 1.2 times as long as entire exopod, and more than twice as long as outer spine. Endopod onesegmented, about as strong but longer than first exopodal segment, cylindrical proximally and bilobate distally, with inner lobe longer and stronger, ornamented with several rows of very long spinules; inner lobe smooth and with thin cuticulum. Fifth leg (Fig. 2G ) simple short cuticular plate, almost rectangular in shape, ornamented with single pore on anterior surface and single spinule at base of outermost seta, armed with three smooth setae; outermost seta (ancestral basal one) longest, almost three times as long as entire leg; middle seta (probably ancestral outer endopodal) much shorter, 1.7 times as long as leg, and 1.4 times as long as innermost seta (inner endopodal). Fifth legs distinct at base, with small space between them, pointing caudally, not reaching distal margin of fifth pedigerous somite.
Sixth legs (Fig. 1D ) smooth, unarmed and unornamented, forming simple large operculum covering gonopore, probably both fused together or right one reduced and left one enlarged, representing 55% of somite's width.
Female (based on single newly collected specimen): Body length, excluding caudal setae, 584 μm. Habitus, ornamentation of prosomites, colour and nauplius eye similar to male, except genital and first abdominal somite fused into double somite and habitus slightly less slender.
Genital double somite (Fig. 3A -C) about as wide as long (ventral view), without any trace of subdivision, with oval dorsal cuticular window in anterior half, which much larger than that in male (originating from fused windows of two ancestral somites). Genital complex (Fig. 3B) occupying anterior ventral half of genital double somite; genital apertures covered by vestigial sixth legs; median copulatory pores also covered by fused sixth legs; seminal receptacles small, bell-shaped, with strongly sclerotized lateral walls; copulatory duct very short and weakly sclerotized. All posterior sensilla homologous to those on male third urosomite, while all sensilla from male second urosomite missing except lateral pair (No. 32).
Third, fourth (preanal), and fifth (anal) urosomites very similar to male (Fig. 3A, B) .
Caudal rami (Fig. 3A, B) slightly shorter in proportion to anal somite than in male, about 3.7 times as long as wide in ventral (or dorsal) view, and slightly less divergent, but also cylindrical and armed and ornamented as in male.
Antennula seven-segmented, ornamented on first segment with few minute spinules on ventral surface, not geniculate, with slender aesthetasc on fourth segment, not reaching beyond tip of appendage, and more slender apical aesthetasc on seventh segment, which fused basally to two apical setae; proximal aesthetasc much more slender than in male; setal formula: 0.4.5.2.1.0.9. All setae, except proximalmost one on second segment, smooth, and most setae with pore on tip.
Antenna, labrum, paragnaths, mandibula, maxillula, maxilla, maxilliped, first swimming leg (Fig. 2I) , and second swimming leg (Fig. 2J) same as in male.
Third swimming leg ( Fig. 3C ) with smooth praecoxa and intercoxal sclerite. Coxa with three large spinules on anterior surface, and two rows of spinules along distal margin on posterior surface, unarmed. Basis ornamented with several large spinules on outer margin distally and another row of smaller spinules at base of endopod, armed with very long and smooth outer seta, which 0.8 times as long as entire exopod. Exopod two-segmented, ornamented with large spinules along outer margin, both segments with hyaline frills distally on inner side; first segment armed with single outer spine; second with outer spine and apical strong seta; all elements bipinnate; apical seta 1.5 times as long as entire exopod. Endopod one-segmented, small, cylindrical and unornamented, armed with apical spiniform bipinnate element on tip, which basally fused to segment, reaching 4/5 of first exopodal segment in length.
Fourth swimming leg (Fig. 3D ) without spiniform processes on basis. Endopod one-segmented, slender and long, cylindrical, curved inwards, ornamented with apical row of five large spinules at base of apical spine (no lateral spinules on inner margin); apical spine not distinct at base, bipinnate and robust, and about 0.7 times as long as endopod; endopod with apical spine almost reaching posterior margin of third exopodal segment in length. Exopod similar to male, but inner margin of first exopodal segment not as much concave; apical seta nearly 1.2 times as long as entire exopod.
Fifth leg (Figs. 2K, 3B ) also simple cuticular plate, but with inner distal corner produced into strong and blunt spiniform process, which about 1.4 times as long as rest of leg, reaching in length tips of innermost seta; armature and ornamentation same as in male, except spinule at base of outermost seta (or very reduced setae) somewhat longer.
Sixth legs vestigial (Fig. 3B) , narrowly fused into simple cuticular flap, covering gonopore, unornamented and unarmed; distal margin thin, medial part very short, lateral part longer and bilobate, each lobe terminating into more or less sharp tip. Remarks. This species is only known from the Lake Biwa drainage area in Japan, but it is rare there these days. Our repeated efforts to collect it from the lake's shore (including the type locality) failed, despite more than 30 samples taken in 2009 and 2010. As a part of the survey of subterranean biodiversity in the Lake Biwa drainage area, more than 100 samples were taken from 2008 to 2011, from caves, wells, river interstitial and lake interstitial, and the species was found in a single sample represented by three individuals. Specimens were obtained from the interstitial on the river banks, at the confluence of Daido and Seta rivers, from a mixture of medium size sand, gravel and large rocks. Relatively large size of this species suggests that it may prefer gravelly rather than sandy sediments.
Parastenocaris koreana sp. nov. (Figs. 4-11 Etymology. The new species is named after Korea. The name should be treated as a Latin adjective, agreeing in gender with the feminine genus name. Description. Male (based on holotype male, numerous paratypes and several specimens from two other localities). Total body length, measured from tip of rostrum to posterior margin of caudal rami (excluding caudal setae), from 395 to 49 μm (437 μm in holotype). Preserved specimen colourless. Nauplius eye absent. Body composed of prosome (consisting of cephalothorax and three free pedigerous somites (first pedigerous fused to cephalothorax)), and urosome (consisting of fifth pedigerous somite, genital somite, four abdominal somites, and caudal rami). Podoplean boundary between prosome and urosome inconspicuous. Habitus (Figs. 4A, 6A , F, 8A, 10A) cylindrical and very slender, without any demarcation between prosome and urosome; prosome/urosome ratio about 0.7 in dorsal view; greatest width in dorsal view at posterior end of cephalothorax but hard to establish (fourth pedigerous somites only slightly narrower); free prosomal somites in lateral view slightly narrower than cephalothorax or urosome. Body length/width ratio about 9.6; cephalothorax 1.07 times as wide as genital somite. Free pedigerous somites without any lateral or dorsal expansions, all connected by well developed arthrodial membranes. Hyaline fringes of all somites smooth, very narrow and hard to distinguish from arthroidal membranes (Fig. 4B) , especially dorsally, except in preanal somite, where hyaline fringe well developed (Figs. 4A, 10A ). Integument weakly sclerotized, smooth but covered with very shallow pits on all somites and caudal rami (sometimes hardly visible), ornamented only with sensilla and pores (no spinules, except on posterior margin of caudal rami ventrally), with round dorsal double cuticular window on cephalothorax (Figs. 8C, 10A ), trapezoidal simple dorsal cuticular window on genital, and elongated simple dorsal windows on three postgenital somites (Fig. 10A) . Pleural areas of cephalothorax and free pedigerous somites not well developed, cephalic appendages and coxae of swimming legs clearly exposed in lateral view (Figs. 6A, B 
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and with small unpaired dorsal pore in anterior half. Postero-dorsal pair of sensilla (No. 18) serially homologous to pair No. 13 on first pedigerous somite, but for other pairs serial homology not that obvious.
Third pedigerous somite (Fig. 10A ) slightly wider and shorter than second pedigerous, with four pairs of large sensilla (Nos. 21-24), also with unpaired dorsal pore. All sensilla serially homologous to those on second pediger- (Fig. 10A ) slightly narrower and considerably longer than third pedigerous somite in dorsal view, with only three pairs of large posterior sensilla (Nos. 25-27), with semicircular sutures in anterior part dorsally and unpaired cuticular pore in between them. Serial homology of sensilla between third and fourth pedigerous somites not that clear, except for lateral pairs (Nos. 24 and 27).
First urosomite (= =fifth pedigerous somite) (Fig. 10A ) slightly narrower and shorter than fourth pedigerous somite, also with three pairs of large posterior sensilla (Nos. 28-30), but without arched dorsal sutures or cuticular pores. All three pairs of sensilla serially homologous to those on fourth pedigerous somite (i.e. Nos. 25 and 28, Nos. 26 and 29, and Nos. 27 and 30; note: lateral pair of sensilla No. 30 not visible in dorsal view in Fig. 1A) .
Second urosomite (= =genital somite) (Fig. 10A, B) slightly wider and longer than first urosomite, about 1.1 times as wide as long in ventral view, with triangular small cuticular window in anterior half, also with three pairs of posterior sensilla (Nos. 31-33), but dorsal pair (No. 31) closer to each other than in first urosomite; single longitudinally placed spermatophore inside anterior half of somite about as long as somite. Dorsal pair of sensilla (No. 31) probably serially homologous to that on first urosomite (No. 28), but other two pairs probably not serially homologous.
Third urosomite (Figs. 4B, 10A ) about as long and as wide as second urosomite, but with shorter and much wider dorsal cuticular window, also with three pairs of large posterior sensilla 
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dorsal cuticular window and slightly longer, but as wide as and with similar ornamentation, consisting of only three pairs of large posterior sensilla (Nos. 37-39); all sensilla serially homologous to those on third usoromite. Fifth urosomite (= =preanal somite) (Figs. 4A, 6A , F, 8A, 10A) slightly narrower and shorter than fourth urosomite, with largest dorsal cuticular window of all urosomites, and without any surface ornamentation; hyaline fringe well defined on all sides.
Sixth urosomite (= =anal somite) (Figs. 4C, 6C , 8D, 10A, C) about 1.4 times as long as and 0.9 times as wide as preanal somite, ornamented with pair of large dorsal sensilla at base of anal operculum (No. 40), pair of large lateral cuticular pores in anterior half, and pair of ventral pores at base of caudal rami (no spinules on ventral surface), in addition to numerous shallow cuticular pits. Anal operculum well developed, unornamented on outer surface, with smooth and deeply concave distal margin, not reaching posterior end of anal somite, representing 9% of somite's width. Anal sinus wide opened, ornamented with two long diagonal rows of slender spinules on ventral side, and one additional row on dorsal side (inner side of anal operculum).
Spermatophore (Figs. 10D) about 2.5 times as long as wide, kidney-shaped, with long and narrow, distally curved neck.
Caudal rami (Figs. 4C, 6C , 8B, D, 10A, C) slender, about 3.2 times as long as greatest width (ventral view) and about half as long as anal somite, cylindrical but tapering towards posterior end, slightly divergent, with space between them about 1.6 times of one ramus width; armed with seven elements (three lateral, one dorsal, and three apical). Ornamentation consists of large lateral cuticular pore at about 2/3 of ramus length, and posterior ventral row of several spinules along posterior margin. Dorsal seta slender and smooth, inserted closer to inner margin at midlength, about 0.9 times as long as caudal ramus, triarticulate basally (inserted on two pseudo-joints). 
Lateral setae slender and smooth, inserted very close to each other also at midlength, two larger ones more anteriorly and minute one in between and more posteriorly. Anterior lateral seta which inserted more dorsally longest, 0.7 times as long as ramus, 2.5 times as long as ventral anterior seta, and about five times as long as minute (distal) seta. Inner apical seta smooth, inserted close to ventral margin, about 0.8 times as long as ramus. Middle apical seta strongest, without breaking plane, smooth, about 3.6 times as long as ramus, pointing posteriorly but curled midlength. Outer apical seta also without breaking plane and smooth, relatively strong basally but much shorter, about 1.3 times as long as ramus, inserted close to dorsal surface and pointing latero-posteriorly. Antennula (Figs. 4D, 6D , 8C, 9A, 10E) slightly shorter than cephalothorax, slender, eight-segmented, prehensile and strongly digeniculate, ornamented with arched row of ventral spinules on first segment distally, and with ribbed elongated chitinous plate on anterior surface of sixth segment. First segment very short, while second longest. Geniculation between third and fourth and between sixth and seventh segments; last two segments at 90� angle. Distal anterior corner of seventh segment produced into very small spiniform process, but larger proximal spiniform process present on fifth segment on anterior surface. Long aesthetasc on fifth segment reaching beyond tip of appendage for length of last segment, fused basally to slightly longer seta, relatively slender and blunt distally; much shorter and more slender apical aesthetasc on seventh segment, fused basally to two setae (acrotheck). Setal formula: 0.6.4.2.4.0.1.9. All setae slender and all, except largest seta on second segment, smooth; most setae with pore on tip; proximalmost seta on second segment unipinnate with several long spinules along anterior surface, much shorter than two large setae on fifth segment or longest apical seta on eighth segment (latter probably longest); only seta on eighth segment minute.
Antenna ( composed of coxa, allobasis, one-segmented endopod, and one-segmented exopod. Coxa very short, unarmed, ornamented with three short spinules. Allobasis about three times as long as wide, unarmed but ornamented with two rows of large spinules on anterior surface. Endopod 0.8 times as long as allobasis and nearly three times as long as wide, with two parallel surface frills subdistally, ornamented with large spinules along anterior surface, armed laterally with two short spines (proximal one shorter) and apically with five strong elements (two geniculate). Exopod minute, cylindrical, about twice as long as wide, unornamented but armed with single apical seta, which 2.6 times as long as segment. All antennal armature unipinnate. Labrum (Fig. 6B ) large and triangular in lateral view, with narrow and straight cutting edge, without any ornamentation on anterior surface, with several parallel rows of spinules along narrow cutting edge (three on outer distal corners strongest and very wide).
Paragnaths (Fig. 6B, F ) strongly fused into trilobite structure, with numerous distal rows of slender short spinules on lateral lobes, one distal row of minute spinules on central lobe, and another transverse row of 14 very long spinules on posterior surface of central lobe at about 2/3 of its length.
Mandibula (Fig. 6B ) with narrow cutting edge on elongated coxa, armed with one complex tooth ventrally, one unipinnate seta dorsally, and several smaller teeth and/ or spinules in between. Palp one-segmented, cylindrical, about 2.5 times as long as wide, unornamented, and armed apically with two smooth and subequal setae, each with pore on tip.
Maxillula ( Fig. 6B) with relatively large praecoxa, arthrite rectangular, about 1.5 times as long as wide from lateral view, ornamented with single spinule on posterior surface near dorsal margin, armed with lateral strong seta and four apical elements (probably three spines and one strong seta; apical spines with crown of spinules on tip, resembling small hands). Coxal endite armed with one smooth seta apically. Basis slightly longer than coxal endite, armed with three apical setae (two smooth and slender, one curved and unipinnate), and single minute lateral seta. Endopod and exopod absent (fused to basis without trace), minute seta on basis probably representing remnants of exopodal armature. All coxal and basal setae, as well as smooth lateral seta on praecoxa, with pore on tip.
Maxilla (Fig. 6B ) composed of syncoxa, basis, and one -segmented endopod, ornamented with row of five spinules on inner side of syncoxa proximally, and with arched row of six spinules on posterior side of syncoxa close to outer margin. Syncoxa with two endites, basal armed with single smooth seta apically, distal armed with two smooth and one pinnate seta apically. Basis drawn out into strong and unipinnate claw, without seta at base, with cuticular pore on convex margin near distal tip. Endopod represented by minute segment, armed with two smooth subequal apical setae. All setae on maxilla with pore on tip.
Maxilliped (Fig. 6B ) with short and relatively strong syncoxa, unarmed and unornamented; basis slender, almost five times as long as wide and three times as long as syncoxa, unornamented and unarmed; endopod represented by short curved claw, swollen at base as indication of ancestral one-segmented endopod, ornamented with several strong spinules along concave margin distally, about 0.7 times as long as basis.
First swimming leg (Figs. 6B, F, 8A ) with unarmed praecoxa, coxa, and intercoxal sclerite. Intercoxal sclerite very small, with narrow and concave distal margin and smooth. Paecoxa ornamented with several rows of minute spinules on anterior surface. Coxa with posterior row of large spinules on posterior surface and close to outer margin. Basis somewhat shorter than coxa, pentagonal, ornamented with bunch of large spinules on outer margin, another bunch along distal margin at base of endopod, and several long spinules on inner margin proximally; armed with single short seta on outer margin. Exopod three-segmented, armed with one outer spine on first segment and four elements on third segment (two outer spines and two apical geniculate setae); ornamented with few large spinules along outer margin and distally on all segments. Endopod two-segmented, about as long as exopod; first segment reaching slightly beyond distal margin of second exopodal segment, about four times as long as wide, unarmed, ornamented with two short rows of large spinules on outer margin, one longer row of even longer spinules on inner margin, and three spinules on anterior surface along distal margin; second segment armed apically with long geniculate seta and much shorter spine; endopodal geniculate seta 1.3 times as long as entire endopod, 1.2 times as long as larger geniculate exopodal seta, and twice as long as outer spine on endopod. All exopodal and endopodal armature unipinate along outer margin.
Second swimming leg (Figs. 6B, F, 8A, 10G) with smooth praecoxa and intercoxal sclerite. Intercoxal sclerite large, trapezoidal, with deeply concave distal margin. Praecoxa triangular and large. Coxa short, rhomboidal, with diagonal row of small spinules on anterior surface and two shorter rows of spinules along distal margin on posterior surface. Basis larger than coxa, semicircular, unarmed, ornamented with row of spinules on outer margin and another arched row of spinules at base of endopod. Exopod three-segmented, ornamented with large spinules along outer margin, and with distal hyaline frills on each segment on inner side; first segment armed with single outer spine; second segment unarmed; third segment armed with three long elements (probably outer spine and two apical setae), innermost element 1.3 times as long as entire exopod; all exopodal armature bipinnate. Endopod one-segmented, cylindrical and slender, 5.8 times as long as wide, reaching 3/4 of first exopodal segment in length, ornamented with three large spinules along apical margin; armed apically with single smooth seta, which about 0.8 times as long as segment and pointing inwards. Third swimming leg (Figs. 6E, 7A , 10H-J) with smooth intercoxal sclerite, which largest of all legs, trapezoidal, and with short and concave distal margin. Praecoxa not well defined on anterior surface, triangular on posterior surface, about as large as in second leg, unarmed and unornamented. Coxa rectangular, with arched row of large spinules on anterior surface, and two rows of spinules along posterior margin on posterior surface (outer minute). Basis robust, ornamented with long row of large spinules and one pore on anterior surface, armed with outer long and slender seta; distal inner corner of basis produced distally as bulbous soft semicircular lobe, smaller than in P. biwae. Endopod represented with single smooth and minute armature element, inserted on inner margin at 3/4 of basis length, shorter but stronger than spinules on anterior surface. Exopod with both segments fused; ancestral proximal segment 2.7 times as long as wide, curved inwards and with thin hyaline lamella along inner margin, and three strong and short chitinous beaks on posterior surface, ornamented with two or three minute spinules on distal outer corner; armed subapically with simple, strong, smooth and inwardly curved spine, which about as long as apophysis and more or less flat distally; ancestral distal segment (apophysis) cylindrical, oriented slightly inwards, ornamented with single pore on anterior surface; armed with single short element on top, which leaf-like, with very thin cuticulum, more or less ovoid.
Fourth swimming leg (Figs. 6E, 7A, 10K) with smooth praecoxa and intercoxal sclerite. Intercoxal sclerite shorter and smaller than in third, with equally long and concave distal margin. Pracoxa small and triangular. Coxa rhomboidal, slightly larger than in second leg, unarmed, ornamented with short distal row of minute spinules on posterior surface. Basis large and more or less rectangular, armed with single smooth outer seta, ornamented with two minute spinules on outer margin at base of outer seta, and with three huge chitinous spiniform process on inner distal corner; anterior process bilobate distally and very wide; inner process spiniform and curved outward, longest; posterior process shortest but most strongly chitinized. Exopod three-segmented, ornamented with few large spinules along outer margin on all segments, and with hyaline frills distally on inner side; first segment with strongly concave and smooth inner margin, armed with single outer spine; second segment unarmed; third segment armed with outer spine and long and strong apical seta; apical seta about as long as entire exopod, and more than twice as long as outer spine. Endopod onesegmented, narrower but longer than first exopodal segment, cylindrical proximally and bilobate distally, with inner lobe somewhat longer and stronger, ornamented with several strong spinules (although not as long as in P. biwae); inner lobe with thin cuticulum and with several minute spinules along distal margin.
Fifth leg (Fig. 6F ) simple short cuticular plate, almost rectangular in shape, ornamented with single pore on anterior surface and single spinule at base of outermost seta, armed with three smooth setae; outermost seta (ancestral basal one) longest, almost three times as long as entire leg; middle seta (probably ancestral outer endopodal) much shorter, 1.5 times as long as leg, and 1.3 times as long as innermost seta (inner endopodal). Fifth legs distinct at base, with small space between them, pointing caudally, not reaching distal margin of fifth pedigerous somite.
Sixth legs (Fig. 10B ) smooth, unarmed and unornamented, forming simple large operculum covering gonopore, probably both fused together or right one reduced and left one enlarged, representing 62% of somite's width.
Female (based on allotype female, many paratypes and several specimens from two other localities): Body length, excluding caudal setae, from 403 to 443 μm (432 μm in allotype). Habitus (Figs. 5A, 7B, 9B) , ornamentation of prosomites, colour and nauplius eye similar to male, except genital and first abdominal somite fused into double somite and habitus slightly less slender.
Genital double somite (Figs. 4E, F, 7D , 9D, 11A, B) about 1.2 times as long as wide (ventral view), without any trace of subdivision, with oval dorsal cuticular window in anterior half, which much larger than that in male (originating from fused windows of two ancestral somites). Genital complex occupying anterior ventral half of genital double somite; genital apertures covered by vestigial sixth legs; median copulatory pores also partly covered by fused sixth legs; seminal receptacles small, ovoid, with strongly sclerotized outer wall and weakly sclerotized other walls; copulatory duct very short and weakly sclerotized. All posterior sensilla homologous to those on male third urosomite, while all sensilla from male second urosomite missing except lateral pair (No. 32).
Third, fourth (preanal), and fifth (anal) urosomites very similar to male (Figs. 5A, D, 7B, C, 9B, 10A, B) .
Caudal rami (Figs. 5C, D, 7C, 10A , B) slightly shorter in proportion to anal somite, about three times as long as wide in ventral (or dorsal) view, and slightly less divergent, but also cylindrical and armed and ornamented as in male.
Antennula (Figs. 5A , B, 7B) seven-segmented, ornamented on first segment with few minute spinules on ven-tral surface, not geniculate, with slender aesthetasc on fourth segment, not reaching beyond tip of appendage, and more slender apical aesthetasc on seventh segment, which fused basally to two apical setae; proximal aesthetasc much more slender than in male; setal formula: 0.4.5.2.1.0.9. All setae, except proximalmost one on second segment, smooth, and most setae with pore on tip.
Antenna (Fig. 9B) (Figs. 5A, B , E, 7B, 9B, C), and second swimming leg (Figs. 5A, 7B , 9B, 11C) very similar to those in male.
Second swimming leg ( Fig. 11C ) with slightly proportionately less elongated endopod.
Third swimming leg ( Fig. 11D ) with smooth praecoxa and intercoxal sclerite. Coxa with three large spinules on anterior surface, and two rows of spinules along distal margin on posterior surface, unarmed. Basis ornamented with several large spinules on outer margin distally, arm- ed with very long and smooth outer seta, which 0.9 times as long as entire exopod. Exopod two-segmented, ornamented with large spinules along outer margin, both segments with hyaline frills distally on inner side; first segment armed with single outer spine; second with outer spine and apical strong seta; all elements bipinnate; apical seta 1.3 times as long as entire exopod. Endopod one -segmented, small, cylindrical and unornamented, armed with apical spiniform bipinnate element on tip, which basally fused to segment, reaching posterior margin of first exopodal segment in length. Fourth swimming leg (Fig. 11E ) without spiniform processes on basis, with row of spinules at base of endopod. Endopod one-segmented, slender and long, cylindrical, straight, ornamented with apical row of four large spinules at base of apical spine (no lateral spinules on inner margin); apical spine not distinct at base, bipinnate and robust, and about 0.9 times as long as endopod; endopod with apical spine reaching midlength of third exopodal segment in length. Exopod similar to male, but inner margin of first exopodal segment not as much concave; apical seta as long as entire exopod.
Fifth leg (Figs. 4E, F, 7D , 9D, 11F) also simple cuticular plate, but with inner distal corner produced into strong and blunt spiniform process, which about 1.2 times as long as rest of leg (proportionately shorter than in P. biwae), not reaching in length tips of innermost seta; armature and ornamentation same as in male; spinule at base of outermost seta smaller than in P. biwae.
Sixth legs vestigial (Figs. 4E, F, 7D, 9D, 11B), narrowly fused into simple cuticular flap, covering gonopore, unornamented and unarmed; distal margin thin, medial part very short, lateral part longer and bilobate, each lobe terminating into more or less sharp tip, but shape and length of lobes and apical tips variable. Remarks. This species seems to be widely distributed in Korea. Chang (2009) and Chang (2009; reported it (as P. brevipes) from seven different localities. We add three new localities here. Specimens were obtained only from interstitial on river banks, and no records from caves, wells or other subterranean habitats exist. The species has never been recorded in surface water habitats, so it is probably an obligate subterranean water dweller (stygobiont). Reid (1995) examined some specimens of P. biwae and synonymized it with the widely distributed P. brevipes, although she noted that "… specimens from Lake Biwa, Japan, presented a series of consistent differences from most other populations examined". Other populations examined were either from northern Europe or North America. She especially pointed out the reduced and spiniform endopod of the third leg in male (as opposed to a slender and long seta in non-Asian populations). Chang (2009; reported P. brevipes for the first time from Korea, providing a limited set of drawings. Our examinations of both Korean and Japanese populations indicated them to be distinct species (although closely related), differing in a number of morphological characters. Three possible hypotheses emerged: either we are dealing with three different species, or one of the Asian populations is conspecific with P. brevipes. As both Korean and Japanese specimens have the same shape and size of the third leg endopod in male, it is most probable that they shared an immediate common ancestor. And, because they are distinct species, we are most probably dealing with three different species. Thus we reinstated P. biwae as a valid species, and described the Korean population as a new species.
DISCUSSION
Parastenocaris koreana is unquestionably very closely related to P. biwae, in so much so that they form a sister species pair. Both are also closely related to the widely distributed P. brevipes, but can be distinguished by the very small and spiniform endopod of the third leg in male, more inwardly curved posterior part of the caudal rami, more pronounced dorsal ridge on the caudal rami and longer dorsal caudal seta, very large and bilobate anterior chitinous process on the fourth leg basis in male, as well as wide and long outer endopodal lobe on the male fourth leg. However, even after we exclude the Korean population from P. brevipes and reinstate P. biwae as a valid species, there is very little doubt that the widely distributed European/North American P. brevipes, as redefined by Reid (1995) , represents a complex of several closely related species. This is quite obvious now from the variations in the shape and size of the chitinous processes on the fourth leg basis in male, variations in relative length and proportions of the male sixth leg armature, as well as variations in the size of the inner-distal chitinous process on the female fifth leg (as illustrated by Reid, 1995: Figs. 3, 4) . This hypothesis, however, will need further investigation to be properly assessed. We especially refer here to the necessity for use of microcharacters (morphological characters associated with fine ornamentation of somites and appendages) and molecular characters. Combined morphological and molecular studies have shown recently a potential for short range endemism in this group of subterranean harpacticoids, with very little interspecific variability (Karanovic and Cooper, 2011a) .
Differences between P. koreana and P. biwae are relatively settled but numerous, and many of them are arrowed in Figs. 10 and 11 . Parastenocaris koreana is a much smaller species (note that Figs. 1A and 10A are drawn to the same scale), with shorter caudal rami (proportionately to the anal somite), differently shaped anal operculum (concave versus convex), more elongated genital double somite in female, shorter inner distal process on the female sixth leg, as well as proportionately shorter apical setae of the second, third, and fourth legs exopods in both sexes.
Detailed examinations of the three disjunct populations of P. koreana presented above revealed also some geographical variation, especially in the surface ornamentation of somites (i.e. smoothness and presence and frequency of cuticular pits; see Figs. 4-9), which may indicate some population structuring (for example indicative of different subspecies) or even cryptic speciation. However, despite detailed analyses we were not able to find any additional and reliable morphological differences between these three populations. Similarly disjunct localities in Korea produced three short range endemics in the genus Proserpinicaris Jakobi, 1972, but with significant and reliable morphological differences between species . This would either suggest a different age for colonization of subterranean habitats for these two genera in Korea, or different evolutionary rates as inferred from their morphology. Unfortunately, all Korean samples were preserved and stored in ethanol of less than 80%, and our attempts to PCR amplify the COI gene have failed. Remarkable similarities between our drawings and those of Lee and Chang (2009) (repeated in Chang, 2009; , down to minute details in proportions of armature elements on the female swimming legs, are additional indications that we are dealing with a morphologically conservative population in Korea.
Our examination of the sensilla and pore pattern in P. koreana and P. biwae, showed all male specimens to be ornamented with exactly 40 pairs of sensilla (see Figs. 1 and 10), while females have two pairs reduced (Nos. 31 and 33) at the fusion of the genital and first abdominal somites (Figs. 3 and 11 ). These characters were not studied in harpacticoid copepods in the past, mostly because of the quality of optical instruments available (these are minute structures) but also because they were considered very variable. showed that these structures are relatively conservative characters, without any variability between three closely related short range endemics from the genus Proserpinicaris. In this paper we show this to be the case also between two closely related species from the genus Parastenocaris. Most sensilla could be recognised as homologous between these two genera according to their position, and some can be also recognised as serially homologous, which is a novel discovery for harpacticoid copepods. Most interestingly, the two genera differ in the number of sensilla (45 vs. 40) , with most of the differences observed on the third and fourth urosomites. This suggests that sensilla number and pattern may be also phylogenetically informative characters, and we included some in our cladistics analysis, despite the fact that they are described only in a few species. Karanovic and Cooper (2011a) demonstrated recently using molecular tools that fine ornamentation of somites with spinules can be used to separate closely related species in the genus Kinnecaris, and we speculate here that phylogenetical relationships between different parastenocaridid genera may be inferred from ornamentation of somites with sensilla. This, however, would need to be studied in a larger group of species and genera.
Our cladistic analysis resulted in six equally parsimonious trees (Fig. 12) , with a length of 107 steps, a consistency index (Ci) of 38, and a retention index (Ri) of 54. The values of the Ci and Ri indices indicate a very high proportion of convergences (homoplastic changes). This is obviously a result of the choice of characters, as well as missing characters in many species due to incomplete descriptions, but it also reflects a general pattern: copepod groups with a high proportion of subterranean species display and unusually high proportion of convergences (Karanovic and Hancock, 2009; Karanovic and Abe, 2010; Karanovic et al., 2011; Karanovic and Cooper, 2011a; 2011b) . The Ci and Ri indices did not change when we analysed all characters unweighted, although the number of steps increased to 112. Naturally, the tree topology did not change with mopping the two uninformative characters (Nos. 3 and 8). The choice of characters was limited by the lack of females in three species (P. brincki, P. lanceolata, and P. singhalensis), only available species descriptions severely lacking in detail in nine species (P. brincki, P. feuerborni, P. hinumaensis, P. irenae, P. lanceolata, P. longipoda, P. noodti, P. oshimaensis, and P. singhalensis) , and also very conservative nature of many morphological characters in this harpacticoid family. In fact many morphological characters that show interspecific variability, and sometimes even intraspecific variability, in other harpacticoid families are extremely conservative even in different, and not very closely related, parastenocaridid genera. Karanovic and Cooper (2011b) showed, for example, that divergences in mt-COI DNA between three Australian parastenocaridid genera (Parastenocaris, Kinnecaris, and Dussartstenocaris) are remarkably similar in value to those between three canthocamptid genera, despite all parastenocaridid genera having the same armature formula of the swimming legs. This conservative morphology was one of the reasons many species were originally described after a limited set of morphological characters, with very little attention being paid to somite ornamentation or other microcharacters. As a consequence of a very diminutive size of parastenocaridids, even features that were described and illustrated were seldom studied in detail and have to be re-interpreted with caution. These all explain why 16 morphological characters (41%) in our analysis were scored for the male third and fourth legs alone, which are sexually dimorphic features in this family.
Nevertheless, the ingroup was well defined in all our analyses by at least three synapomorphies (Characters 27, 28 and 29), all of them related to the position and nature of spiniform transformations on the male fourth leg basis. Not surprisingly K. lakewayi is much more closely related to the brevipes group than are two other outgroups. The genus Kinnecaris belongs to the nominotypical subfamily, just as the genus Parastenocaris, while Proserpinicaris belongs to the subfamily Fontinalicarididae Schminke, 2010 (see Schminke, 2010 Karanovic and Cooper, 2011a; . The subfamilial position of the genus Dussartstenocaris is not quite clear (see Karanovic and Cooper, 2011b) , but our present analysis shows it to be more closely related to Proserpinicaris than to Kinnecaris or the brevipes group of Parastenocaris, so we would suggest to provisionally place Dussartstenocaris in Fontinalicarididae, until major subfamily groups are well defined by synapomorphic features.
Two Japanese species, P. hinumaensis and P. oshimanesis, cluster together in all our analyses, but they would have to be redescribed before their phylogenetic relationships could be discussed with more confidence. For example, they were both reported with dorsal spinules on the anal operculum, but it is quite possible that authors misinterpreted slender spinules on the ventral (internal) side, which are common in many harpacticoids and were illustrated with SEM photographs for a number of parastenocaridid species by , Karanovic and Cooper (2011a) , and , and are also clearly visible in the newly described Korean species (see Fig. 7C) .
Surprisingly, all analyses suggest the Australian P. jane as a sister clade to all other species of the brevipes group, and not at all closely related to another Australian species, P. kimberleyensis, the latter being most closely related to the Sumatran P. feuerborni. This result suggests that Reid (1995) probably underestimated vicariance, when she speculated that the brevipes group probably originated somewhere in South East Asia, and that the present distribution of this group could be a combination of both ancient vicariance and subsequent dispersal. As it stands now, the center of diversity of this group is in India (including Sri Lanka), and two Indian species (P. savita and P. gayatri) also show basal positions on our tree. It is quite possible that the group originated somewhere in the Gondwanaland in the rift valley between India and Western Australia, just before the separation of the Indian plate. One branch could have colonised East Asia after the contact of the Indian plate with Laureasia, and then proceeded to colonise Northern Europe and North America from there. A very close relationship between the North East Asian species (P. biwae and P. koreana) and North European and North American widely distributed P. brevipes would suggest a relatively recent invasion, and absence of this group in subterranean waters in Southern Europe suggests it probably did not survive last glacial maxima in European refuges but probably colonised recently somewhere from Asia. The ability of P. brevipes to at least survive in surface environments, such as Sphagnum bogs, can explain a very wide distribution of this branch in the Northern Hemisphere. Reid (1995) speculated that they may be passively dispersed by migrating birds. If the brevipes group originated (at least partly) in India, it would be easy to imagine its gradual active upstream invasion of the newly formed Himalayan rivers, and gradual adaptations to colder temperatures at high altitudes. Such forms would be preadapted to colonise waters of North East Asia in the post-glacial periods during the Quaternary. We speculate that the ability of P. brevipes to colonise Sphagnum bogs has evolved relatively recently, perhaps because of the lack of competition and also unavailability of interstitial environments at high altitudes and latitudes. Reid (1995) hesitated to include the North American P. palmerae in the brevipes group. Our cladistic analysis suggests this species to be deeply nested in the brevipes group, which supports its placement here, as proposed by Karanovic (2005a; . It clusters together with the above mentioned brevipes/biwae/koreana clade (the first species being also known from North America), and one Indian species (P. gundlakamma). However, the group is not supported by a single clear synapomorphy and would have to be tested by molecular phylogenies.
The terminal clade in our analysis is well defined by two synapomorphies (Characters 22 and 24), and includes seven species from India and Sri Lanka (P. brincki, P. irenae, P. lanceolata, P. muvattupuzha, P. noodti, and P. sultej) , one species from South East China (P. longipoda) and two Japanese species (P. hinumaensis and P. oshimaensis). However, the relationships within the group are quite problematical and strict consensus (not presented) of all seven trees showed five unresolved clades: lanceolata, longipoda, brincki/noodti, hinumaensis/oshimaensis, and muvattupuzha/sultej/irenae/singhalensis. This is without a doubt a result of many unknown characters, as most of these species are only known after a limited set of morphological characters.
The easiest division of the brevipes group based on morphological characters would be according to the presence/absence of the inner distal process on the male fifth leg (Character 35), but our cladistics analysis did not support it. This indicates that the structure was lost independently numerous times. It is today present only in five species (P. brincki, P. irenae, P. muvattupuzha, P. palmerae, and P. sultej) , but there could be no doubt that this is a plesiomorphic character state as it is present in all three outgroups (Table 1) . This probably serves best to illustrate the amount of homoplasies in this group and the need for molecular tools and alternative morphological characters in reconstructing their phylogeny.
Key to species of the brevipes group of the genus Parastenocaris Together with the newly described P. koreana, currently20 species can be recognized in the brevipes group, and a key to aid in their difficult determination is given below. It is adopted and augmented from Karanovic (2005a) and based solely on the morphology of males, since females of P. brincki, P. lanceolata and P. singhalensis are still unknown.
